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Chart 1.  Variance in 50 kHz USVs by Drug Condition
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Abstract
Adult rats produce ultrasonic vocalizations in two 
frequency ranges, one at 22 kHz and one at 50 kHz.  The 50 
kHz vocalization has been associated with reward and positive 
affect, while the 22 kHz vocalization has been linked to 
unpleasant stimuli.  The current study explored the effect of 
methylphenidate on ultrasonic vocalization in both ranges.
Methylphenidate, also known as Ritalin,  is the most 
commonly prescribed medication for the treatment of ADHD in 
children and adolescents (Kollins, MacDonald, & Rush, 2001).  
However, it produces rewarding effects similar to those of 
commonly abused stimulants such as amphetamine or cocaine 
(Stoops, Glaser, & Rush, 2003), and its illicit use is on the rise, 
with 5.0% of high school seniors in the U.S. reporting at least 
one use of Ritalin without a doctor’s orders in 2001 (McCabe, 
Teter, Boyd, & Guthrie, 2004).  Therefore, concern has been 
raised about its potential for abuse.  This study examined the 
affective effects of the acute administration of methylphenidate 
via its effect on 50 kHz and 22 kHz ultrasonic vocalizations. 
Hypotheses
Based on the psychostimulant literature, it was expected that the low dosage 
would increase positive affect, therefore increasing the number of 50 kHz USVs 
and decreasing the number of 22 kHz USVs produced by each pair relative to the 
saline condition.  At the higher dosage, it was expected that the anxiogenic 
stimulant effects would outweigh the positive affective results of the drug, and 
thus 10.0 mg/kg methylphenidate would decrease 50 kHz and increase 22 kHz 
vocalizations with respect to the saline control.
Procedure
Seventy-two adult Hood rats (36 male, 36 female; Figure 
1A) were used in this study.  Rats were housed as same-sex pairs 
until they were separated 24 hours before the first drug trial, and 
were then housed in isolation for the remainder of the study.  
Three drug trials were conducted over a period of five days, with 
one day allowed between each trial.  One rat of each pair 
received a saline injection at each trial; the other received saline, 
2.5 mg/kg methylphenidate, and 10.0 mg/kg in a randomized 
order.  The testing chamber consisted of a 15.8-inch square 
Plexiglass box, diagonally divided by a 6.5-inch high piece of 
Plexiglass (Figure 1C).  One rat was tethered so that it was 
forced to stay on one side of the testing chamber, while the other 
could pass freely back and forth; the tether paradigm was used as 
this was part of a larger study of social behavior.  Ultrasonic 
vocalizations were recorded using two Pettersson D-200 
heterodyne bat detectors (Figure 1B), one tuned to 50 kHz and 
the other to 22 kHz, which were suspended 36 inches above the 
floor of the testing chamber.  Data were scored from the 
recordings by a trained observer who listened to the 50 kHz and 
22 kHz channels separately and counted the number of 
vocalizations per minute in each frequency range.
Figure 1A. Figure 1B. Figure 1C.
Hood laboratory rat            Pettersson D-200 bat detector. Testing chamber.
Results
No significant differences in the number of vocalizations resulting from either 
tether condition or sex were found using a Mann-Whitney U test; the data were 
therefore combined and analyzed as a single group.  There were also no significant 
differences in the number of 22 kHz or 50 kHz USVs between drug conditions, as 
indexed by a Kruskal-Wallis test.  However, a non-significant trend was observed in 
the 50 kHz data, with methylphenidate treatment decreasing the number of USVs in a 
dose-dependent manner (Chart 1).  The mean number of 50 kHz vocalizations in the 
saline condition was 46.9 (SD=40.1), in the 2.5 mg/kg methylphenidate condition was 
38.6 (SD=32.5), and in the 10.0 mg/kg methylphenidate condition was 35.0 
(SD=28.5).  No trend was evident in the 22 kHz data.
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Discussion
No significant effects of methylphenidate treatment were found; however, a trend 
was evident in the 50 kHz data towards a decrease in USVs with increasing drug 
dose.  It is possible that this trend reflects a decrease in playfulness caused by the 
drug and a corresponding drop in the number of vocalizations, as 50 kHz USVs are 
commonly emitted during rough-and-tumble play (Knutson, Burgdorf, & Panksepp, 
2002).  This is supported by the fact that psychostimulants, including 
methylphenidate, have been shown to decrease play (Panksepp, Burgdorf, Turner, & 
Gordon, 2003), which may be one of the reasons they are prescribed to modify 
behavior in the treatment of ADHD.  In order to better assess the effect of Ritalin on 
USVs and its rewarding properties, further research using single rats rather than pairs 
is necessary, as this play-related confound would thus be eliminated.  The use of 
pairs in this study may also have both reduced significance and dramatically 
increased variance, as individual rats vocalize at a relatively stable rate, but between 
rats this rate may vary by as much as sixteen times (Brudzynski, 2005).
The question of methylphenidate’s rewarding and reinforcing properties remains an 
important question, and one in need of further research.  In the future, an individual 
study using conditioned place preference could be used to assess the effects of 
methylphenidate on USV production; classical conditioning experiments using 
Ritalin as the conditioned stimulus could also be performed.  With the current high 
rates of both prescription and illicit use, the effects of methylphenidate (chronic as 
well as acute) on social interaction should also be assessed.   As opposed to the 
vocalization studies, these experiments could be done in pairs, and the number of 
specific play behaviors could be counted.  Social withdrawal produced by 
methylphenidate could also be assessed through the tether paradigm used in this 
experiment.
